This paper presents a system that facilitates semantic search using mobile phones 
Introduction
There has been increasing needs for mobile phone searches due to the explosion of the supply of mobile phones and the needs of various users. Recently, many mobile phones become to reflect the variety of user needs. Although many mobile devices are developed, they have natural limitations such as limited power (or battery), small display size, low bandwidth, and limited processing power. On the other hand, the advantages of mobile device include mobility and convenience. It means that mobile devices can be used in any place and any time. To solve the natural problems of mobile devices, and to support mobile search using mobile phones, semantic search is one of the solutions considering for syntactic and semantic information of terms as well as statistic information. These information can be used to make better recognition of the intention of the user for a given query. By using more correctly recognized intentions, the number of search results will be reduced, and the efforts on the results list to find what the user wants will be reduced due to the decrease in the number of results.
Moreover, to support more efficient and effective search, the system must use personal preferencebased filtering for search results. Users can get more personalized search results, and have less chance of encountering many unnecessary data. To overcome limitations of mobile devices, the system should also support the sharing of user preference and search results. During the search using mobile device, by storing search results to the server, it can solve disconnection problem of mobile devices. Also, if there are many search results, it can solve the problem of long search execution time resulted from low bandwidth and limited processing power. In addition, by storing the search results to the server by using PC, the search results can be reused. Users of any-type mobile devices can get personalized and customized results which are filtered personally by sharing user preferences. This paper proposes a system that can support optimizing search results to users at any place and any time through mobility and convenience by using abovementioned functions. This paper is organized as follows: Section 2 describes related works that introduce mobile search and user preference usage by mobile phones. Section 3 presents the architecture of the proposed system. Section 4 describes methodology and policy of each function that is supported by our proposed system. The last part of this paper gives conclusions and discusses future researches.
This section describes some researches about mobile phone search and user preference using mobile phones, and mentions some problems of theses researches.
Preference in Mobile Phone
Recently, many researchers are studying on various researches about the method of applying user preferences. Mobile Electronic Personality [1] focuses on the fact that user preferences are changed according to context and place, so the system is aware of the context and then chooses a suitable preference and apply the preference. User preference is stored in a mobile phone, and the context is recognized on it.
PANS [2] provides the result of sports games that a user prefers through the screen of stores on the street. This system stores user preferences to the mobile device of the user. The system supports the results of sports on the screen through interaction among preference providers in mobile device, service providers such as the screen at a store, and preference requesters that gather user preference.
[10] proposed a semantic user profile model that can be used in a peer to peer mobile environment. The user profile is relatively simple, and it is formalized as the conjunction of interests and disinterests. Also, the profile includes long-term interests, consisting of likes and dislikes, and short-term interests which are what the user intends to pursue during one particular interaction with the system.
In [13] , a Cyberguide system is developed to provide the librarian information which describes the nearby buildings and related people identities. There are some disadvantages in these researches in that the system cannot reflect dynamic user preference, as well as cannot share the preferences.
Mobile Search using Mobile Phone
Mobile searches become more important user behavior. Existing search engines such as Google, Yahoo, and Microsoft do not support appropriate services for mobile search. Most traditional querybased search and list-based result presentation formats are not well optimized for the input and display features of mobile devices. Most cases are simple attempt to translate Web content for the mobile device [3] .
[3] suggests more suitable result output method for the screen of mobile device, and compares and evaluates with 7 mobile search engines. When displaying search results, this system can save screen space by presenting query terms instead of snippet texts. When searching using mobile phone, [4] uses the location information and the queries that are asked by other users. The queries that are executed by other users at the same location affect a query that is asked by the current user. It was explained through experiments.
[7] proposed a method for searching e-Commerce products using a mobile phone. In this method, the ontology represents the conceptualization of the product catalogue knowledge domain. Also, this method provides a formulation for mobile users" query on a commercial product.
Social Search Browser (SSB in short) is a proof-of-concept mobile search prototype designed to enhance the search and information discovery experience of mobile users by proactively displaying what other users have been searching for in a particular location [8] . SSB presents the users with a view of evolving search activities (i.e queries and answers) that are sensitive to their context. Prospective searchers can browse through these search experiences, learn from them, and initiate their own, in a way that takes full advantages of the strengths of their mobile handsets.
In [9] , the searching content with normal web search engines is complemented by searching content from a mobile social network of each user. By using this method, it is easier to find content which might be personally or socially connected to you.
[11] proposed a method to represent search results that will be enhanced most probably on the small size screens, called result-gisting. Result-gisting uses the informativeness of snippet text during providing for a more economic use of limited screen real-estate. [12] proposes an interface to support multi-dimensional, context-sensitive mobile search, combining context features such as location, time, and community preferences to offer a unique search experience that is well-adapted to the needs of mobile users. The system integrates the user context, in the form of temporal and location data, with preference information derived from the queries of mobile searchers with similar interests and presents a view of the evolving search activities of this community of users.
These researches have some disadvantages. First, most of them cannot store search results in order to reuse in the same device or the user"s other devices. Second, during information retrieval, it is difficult to recognize the intention of the user for the query. Finally, it is also difficult to efficiently search under limitations of mobile devices. In contrast, our proposed system can support the reusability for the search results by storing them in the server, can provide the probabilistic recognition of the users" intentions by using ontology for user preferences, and also can search more effectively on the mobile device by sharing the search results and preferences.
System

System Architecture
Our proposed mobile semantic search system, as shown in Figure 1 , consists of several components including the ontology manager, the preference manager, the filtering manager, the extraction manager, the analysis manager, the data manager, the query manager, the search manager, and the crawler.
Users can get search results through interaction with the search manager, and can use various mobile devices. Also, users can store search results to the server and also load them in order to reuse the search results in the server using the data manager. The ontology manager controls ontology generation, semantic search, and reasoning of related results. The preference manager manages creation, modification, and deletion of user preferences. The preference manager updates the user"s preference profile according to the user"s implicit feedbacks. The filtering manager interacts with the preference manager, and extracts and provides more appropriate results to the user. When generating ontology, the extraction manager manages hierarchical information of news category, and extracts and manages relationships between categories. The analysis manager executes indexing to the documents gathered by the crawler, and also performs semantic and syntactic analysis to obtain semantic and statistic information for the retrieved terms from the documents. When storing preference or search results to the database or loading data from the database, the data manager converts preference or search results into appropriate data format for PCs or mobile devices such as HTML and WML. The search manager measures the similarities of documents in the document set with the user query, and then executes the ranking process. 
Ontology Generation
In our system, ontology can support-exact semantic search by using SWRL. This means that ontology can use user rules to get the most suitable results for a given user query. To support semantic search, we created ontology, and applied news domain to the generated ontology. The hierarchy of each category is generated manually, and during reasoning, it is used as a TBox. It uses predefined keywords, and these are defined as features of each category. The relationships between categories are generated manually, and are used in reasoning when searching for related news. Automatically gathered news by the crawler are classified by the keywords that are predefined for each category. Unclassified news after these steps are manually classified by the administrator.
Similarity Measurement and Relevant Results Reasoning using Semantic Information
Our system measures the similarity between the feature set of each category and the given user query, and then also measures the similarity between the given query and all the news in category that has the highest similarity value. Our system employed the following cosine similarity formula to measure similarities.
Top n documents in the result list are extracted by using formula (1). Reasoning is executed for n news, where n is set to 3.
Mobile semantic search
Searching for Web Contents and Mobile Contents
Our system supports searching for mobile contents and web contents. The reason for searching both types of contents is that if there are not enough amounts of mobile contents then it might cause poor search results. Searching for web contents is executed automatically, and if there are no search results for mobile contents or its amount is less than the threshold , searching for web contents is performed through meta-search. Retrieved web contents are transmitted to user as search results, and then the results are stored to the server or discarded by the user.
Storing and Sharing of Search Results
By storing search results to the server, the user can reuse the results using any device at any time. It will be a good solution that can overcome some limitations of mobile device. For example, by checking the results later and storing the results to the server without continuous connection, it can overcome power limitation, low bandwidth, limited processing power, and disconnection. It is similar to the basic idea of mobile agent [6] .
Sharing of User Preference
User preference that contains user"s favorite information is stored in XML-formatted database for extensibility and accessibility. By sharing user preferences, the system is not only able to save mobile devices" power, memory space, and data transmissions for creating a new user, but also can overcome limited power, low bandwidth, limited processing ability, and disconnection to manage user preference using mobile device. In general, user preference is created when the user joins the site, and is used to recommend through the Web. But this static user preference is not appropriate for a user who has preference that is changing constantly. Especially, the change of user preference is faster and more diverse for young aged people.
Preference update policy
In our system, preference is updated for each user query, and we introduce two policies for preference update. The first is a dynamic update policy that user preference is updated continuously and automatically. The second is a static update policy that user preference is selected and modified by the user manually.
Dynamic update policy
Dynamic update means that user preference is updated continuously and automatically. It also means that user"s preference is changed continuously.
We assume the following: "The user presents the interests of himself continuously, which are reflected by the access to related documents with user interests"
Preference consists of set terms that are extracted from 3 sources including the terms in user query, the keywords that are defined in the category, and the terms in the results that are selected by the user. N terms with lowest df value are added to the user preference. On the other hand, terms are deleted from a user preference when they have weights less than the threshold .
Each term maintains term frequency(TF) and document frequency(DF) values. When the user accesses a document, if a term exists in the user preference, then its TF and DF values are increased by 1, and otherwise its TF and DF values are decreased by a static ratio (1%). The weight value of each term is computed using TF*DF. In general, TF*IDF is used in an information retrieval system, where IDF denotes inverse document frequency. But we use DF instead of IDF for the weight value. IDF assigns higher values to terms that appear in fewer documents. But DF means the number of documents in which the term appears in the entire document set. In other words, DF assigns higher values to terms that appear in more documents. To extract terms that can represent the user"s preferences, using the terms that are frequent in many documents is more efficient. Thus DF is our factor for the weight value.
A user profile is dynamically updated when the user clicks a result in the result list, and this user" feedback is reflected into the user preference by finding the same term and calculating the TF, DF, and the weight values. Also each term in the user preferences can be represented as the following vector,
where ti is i"th term, tfi is the accumulated term frequency for ti, dfi is an accumulated frequency for ti , wi is the accumulated weight for ti.
Static update policy
Static update policy implies that the user preference is selected and modified by the user manually. Update of the user preference is executed only by the user, and each category does not have a weight value. But its advantages are that it can be implemented easily, and the user interest information is very accurate because the user preference is managed by the user. The user preference consists of terms that are predefined at each category that is selected by the user. Deletion is also executed by the user manually.
Conversion
Conversion is used to store, share, and reuse search results. When storing search results to the server, the system converts HTML or WML documents into XML documents. Conversely, when loading search results from the server in order to reuse the results, the system converts XML documents into HTML or WML documents. If the device that requests the search results is a mobile phone, the system translates XML into WML, otherwise the system converts XML into HTML.
Conclusion
In this paper, we proposed a system that performs semantic search using mobile phone and filtering through personalized preference. Moreover, to overcome the limitations of mobile devices such as disconnection, limited computing ability, and small-sized screen and to maximize mobility and convenience, our proposed system supports sharing of user preference and search results, and searching for both web contents and mobile contents.
Our future work includes developing an efficient representation method to support mobile devices to display large-sized web contents. Also, we will develop diverse recommendation systems using user preference, and an improved system that can support more refined search results through preferencebased social network and collaborative filtering.
